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EXECUTIVE SUMMARY  

Highway Right of Way (ROW) areas are becoming recognized as potential alternative energy 

resources in many state Departments of Transportation (DOTs). In an era of limited state DOT 

budgets, ROW areas can be a source of income to DOTs through alternative energy development, 

especially in the area of solar energy. State DOTs and private Tollway Authorities have been 

leasing ROW areas to energy providers to offset carbon footprint emissions or to obtain financial 

resources through long-term lease agreements. The use of ROWs for solar energy generation has 

been used extensively in Europe for the past 30 years.   

 

Highway ROW areas have physical and topographical characteristics that complement the 

generation of solar energy such as: 1) well maintained vegetation 2) ease of access to the solar 

array facility adjacent to the road 3) electrical transmission lines often follow the ROW alignment, 

and 4) minimal presence of trees or other objects that can obscure sunlight. 

 

This research study has identified numerous CDOT concerns and potential impacts associated with 

the leasing of a CDOT ROW to energy providers. The Colorado State University-Pueblo (CSU-P) 

Team collaborated and coordinated with the following CDOT organizational departments to 

identify concerns and potential areas of impact: 

 

¶ Environmental Programs Branch (Wildlife, Water Quality and Sustainability) 

¶ Regional Highway Maintenance 

¶ Right of Way Management and Permits 

¶ Regional Environmental Management 

¶ Regional Transportation Design Engineering 

¶ Headquarters Traffic and Safety Branch  

 

Some of the areas of impact identified by the CSU-P Team are not significant and would not be 

expected to affect implementation.  Others are more potentially significant and for those impact 

mitigation measures are proposed including proper project siting, administrative controls, proper 

design criteria, ROW management and engineering controls.  The main potential impacts 

identified in this research study are as follows: 

 

¶ Snow drift and deposition 

¶ Glare/glint from solar panels 

¶ Water quality management (construction and post construction) 

¶ Driver safety associated with solar array structure collisions  

¶ Driver awareness and expectation  

¶ Access and safety during solar array maintenance 

 

The research team was able to develop decision-making tools that can be used by other DOT 

Management and energy providers in other sections of the country who wish to develop a solar array 

on a DOT ROW.  

 

These tools include the following: 



 

vii  
      

 

¶ Glint and Glare Hazard Models  

¶ Solar Array Siting Criteria 

¶ Solar Array Impacts and Mitigation 

¶ Solar Array Risk Impact Matrix 

¶ Sequence of CDOT Coordination Actions 

 

IMPLEMENTATION STATEMENT  

Currently there is no guidance for DOTs that consider using their ROWs for solar energy 

generation using ground mounted solar arrays. CDOT recognizes that there are highway, 

environmental resources, ROW operations and maintenance impacts that need to be identified and 

mitigated before a solar array is allowed to be built within a CDOT ROW.  

 

This research report provides guidance for CDOT and other DOTs to use their ROWs for solar 

energy development.  This report can lead to the development of a guidance document entitled 

Standard Considerations and Operating Procedures for Solar Arrays in CDOT ROWs, which is 

currently under development by CDOT. It is recommended that this report be provided to all 

CDOT decision makers regarding the consideration of allowing solar arrays to be constructed and 

maintained within the ROWs for a 20-25 year time period.,. The following representatives should 

use and implement this report as a main reference document, if CDOT decides to use their ROWs 

for energy development: 

 

Environmental Management-This report should be a main reference to environmental 

professionals who will need to coordinate an environmental analysis according to CDOT National 

Environmental Policy Act (NEPA) procedures and federal regulations. The report will provide 

CDOT a list of environmental criteria that must be evaluated by an interested energy provider. 

 

Safety Engineering-Engineering controls necessary to address driver safety concerns are provided 

for reference. Proper solar array siting, orientation and location within and out of the Clear Zone 

are critical to highway safety. 

 

Highway Maintenance- Highway operation and maintenance impacts and associated mitigation 

strategies are provided for mowing operations and winter time road maintenance. Snow drifting 

and deposition concerns are addressed in the report. 

 

ROW Management- This report will provide a broad overview of the impacts associated with all 

activities within the ROW while implementing solar energy development. This report will be a 

main reference to ROW management statewide that will provide the information necessary for 

CDOT officials to ask the right questions and ask for the right feasibility studies prior to solar array 

design, construction and maintenance. 

 

It is recommended that CDOT explore the use of their ROW for solar energy development. The 

ROW represents a CDOT resource that can provide financial revenue by leasing land space to 

energy providers, who can generate the electricity that can be placed on the electrical grid, and/or 

save energy costs by generating the energy on its own property to power various transportation 



 

viii  
      

assets such as maintenance facilities, rest areas, and to light interchanges, etc. Electricity generated 

from solar energy can help to reduce CDOTôs carbon footprint and support the State of Coloradoôs 

Climate Action Plan. In addition, implementing Photovoltaic (PV) projects with a good 

understanding of the associated risk can help CDOT to minimize undesirable impacts and 

implement good environmental stewardship.  
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CHAPTER 1. INTRODUCTION  
 

1.1 Background 

The advent of solar energy utilization in highway infrastructure around the country has been increasing in 

recent years. Colorado is one of several states with a high solar insolation, ranking fifth  out of 50 states 

(Denholm and Margolis, 2007).  Effective utilization of photovoltaic (PV) systems located in vacant Right of 

Way (ROW) areas across the State of Colorado has the potential to produce a significant amount of 

electricity. The Colorado Department of Transportationôs (CDOT) commitment to explore and evaluate the 

highway ROWs for possible solar array installation is a proactive step.  As reported in the ñAssessment of 

Colorado Department of Transportation Rest Areas for Sustainability Improvements and Highway Corridors 

and Facilities for Alternative Energy Use Projectò (Kreminski et al., 2011), CDOT has an estimated 55,500 

Giga Watt Hour (GWh)/year of electricity generation capacity associated with solar energy development 

within the existing ROW areas statewide. Typical spaces available for solar energy generation are rest areas, 

land outside ROW clear zones, space adjacent to interchanges and CDOT building roof tops. Based on the 

space availability  and site characteristics, road orientation, PV array design and energy capacity, PV arrays 

could effectively be installed on CDOT property. In addition to the available space, ROWs offer electrical 

infrastructure corridors (existing transmission lines aligned with the highways), well maintained secure land, 

and easy access for construction and maintenance.  High solar insolation provides an opportunity for CDOT 

to develop solar arrays across much of the State of Colorado. 

The deployment of solar arrays along highway ROWs is relatively new in North America. The Oregon 

Department of Transportation (ODOT) was the first state department of transportation (DOT) to employ a 

solar array within its ROWs.  In 2008, ODOT initiated the construction of the Solar Highway Project near  

Portland, Oregon comprised of 594 solar panels, producing about 130,000 kilowatt hour (kWh) annually 

(Poe and Filosa, 2011). Other state DOTs and various private toll ways have also implemented solar 

technologies for electricity generation within their ROWs. 

Most of the DOTs and the Federal Highway Administration (FHWA) are in agreement that solar array 

deployment along the ROW is possible after careful site evaluation and impact analysis. Initial feasibility 

studies and the National Environmental Policy Act (NEPA) are the current evaluation processes. The main 

potential concerns associated with solar array deployment in the ROW and the main focus of this study 

include: 

¶ Driver safety 

¶ Highway operation and maintenance  

¶ Environmental impacts 

Introducing a large PV array has the potential to change driver expectations, DOT maintenance practices and 

the overall transportation environment and its dynamics. These and other potential impacts need to be 

analyzed for safe implementation of PV arrays along highway ROWs.  
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A team of professionals from academia and engineering (the Team) with substantive knowledge and 

experience in solar array design, deployment, environmental impacts, highway safety and CDOT ROWs 

investigated potential impacts associated with solar energy development. This effort created a roadmap for 

impact analysis and developed a comprehensive decision matrix to aid CDOT in managing ROW energy 

development. CDOT representatives such as Project Managers, Right of Way Managers, Maintenance 

Managers and external energy providers can use this knowledge to identify and manage risks associated with 

PV array deployment.  This report contains the following chapters and information: 

Chapter 1- Introduction 

Chapter 2- PV Array in ROW 

Chapter 3- Regulations and Permitting Requirements 

Chapter 4- Field Study Findings 

Chapter 5- Impacts from PV Array Development 

Chapter 6- Mitigation Analysis 

Chapter 7- Conclusion and Recommendations  

A brief summary is presented in Appendix A that is meant to be a standalone guidance document and a 

starting point for policy makers and energy providers. CHAPTER 6 presents the mitigation strategies, which 

might be useful to the project designers and field professionals. For comprehensive understanding of the risk 

factors and impact understanding, remaining chapters could be referenced. Flat PV arrays are only 

considered in this research for impact analysis. PV array or solar array is interchangeably used throughout 

the document. 

1.2 Project Objectives 

The main goal of this project is to identify critical environmental, safety, operation and maintenance impacts 

associated with the potential development of PV arrays in CDOT ROWs followed by potential mitigation 

considerations associated with PV array project planning, design, construction, and operation and 

maintenance. To study the potential impacts the Team will identified and evaluated the current ROW 

physical characteristics and operational conditions with consideration of various PV array design criteria and 

operational variables. Risk factors are identified and mitigation strategies conceptualized to eliminate or 

reduce potential impacts. The following are the main objectives of this research project: 

¶ Develop a general model of a solar highway focusing on user safety and maintenance activities  

¶ Study and analyze the impact of highway PV array on driverôs safety 

¶ Study and analyze the impact of highway PV array  on road maintenance and operations 

¶ Evaluate and assess the impact of highway PV array on environmental resources 

¶ Identify and list the critical risk factors in PV array deployment and develop risk reduction strategies 

¶ Provide CDOT a guidance manual that will provide basic considerations and requirements to address 

CDOT environmental, safety, operation, and maintenance expectations 

¶ Make design and safety guidance recommendations pertaining to highway PV array design, 

installation, operations and maintenance 
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1.3 Project Approach 

The first step in this research project involved a literature search of PV arrays and related impacts associated 

with state DOT highway ROWs. National and international projectsô experiences as they relate to motorist 

safety, environmental impacts, and ROW operations and maintenance were studied. The literature search 

involved the study of reports published by various transportation and energy organizations such as the 

Transportation Research Board (TRB), National Renewable Energy Laboratory (NREL), the Federal 

Highway Administration (FHWA), Oregon Department of Transportation (ODOT), CDOT, and other 

international professional organizations. The NEPA studies and potential impacts from the California 

Department of Transportation (CALTRANS) were also reviewed. 

The second step was to study the base line conditions and find potential concerns by conducting a focus 

group discussion with CDOT functional representatives who are currently involved in highway management 

activities and whose functional responsibilities would be impacted by the placement of solar array systems in 

the ROWs such as:  

 

¶ Highway Maintenance Representatives (Region 1) 

¶ Design Engineers (Region 2) 

¶ Right of Way Managers (Regions 1 and 4) 

¶ Environmental Representatives (Region 1 and Headquarters 

¶ Traffic and Safety Engineers (Headquarters and Region 2) 

 

A conceptual PV array design was developed to facilitate the discussion with CDOT representatives about 

potential impacts of solar arrays in ROW areas. An open question and answer session followed by an active 

discussion served to gather information and understand concerns. The Team also coordinated meetings and 

visits with external CDOT entities that have implemented solar arrays within or near highway ROW areas.  

The third step of the research was field study and analysis, which was critical for the collection and 

evaluation of impact-related data to assess their effects and develop mitigation strategies.  The overall 

research methodology approach is shown in Figure 1.  

 

Figure 1. Research Study Approach Framework 
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Potential impacts identified in the literature search were examined during the field studies, and the outcomes 

were verified by the expert opinion and vice versa. The Team performed field studies of conceptual PV array 

development locations along Interstate 70 (I-70), Interstate 76 (I-76) and Interstate 25 (I-25). This triangular 

relationship comprising the literature search, expert opinion, and field study served for the validity of the 

research outcome. An impact matrix (Table 1, Appendix A) was created to quantify impact and analyze the 

risk level by summarizing the most of the contributory factors. A flowchart was proposed to identify 

optimum site locations based upon solar efficiencies, safety risk, environmental impacts, highway operations 

and maintenance activities. The research was conducted in close collaboration with CDOT and the report 

summarizes the research results, findings, conclusions and guidance recommendations. 

1.4 PV Array i n ROW - Model 

PV arrays use solar cells that consist of layers of semiconducting materials, which convert light energy to 

electricity. Silicon (single crystalline, multi-crystalline, and amorphous), polycrystalline thin films (copper-

indium-diselenide, cadmium telluride, and thin-film silicon) and single crystalline thin film (gallium 

arsenide) are commonly used materials for solar cells (Mah, 1998). Solar cells are combined into a module, 

and the modules are connected together to form an array for a practical application of energy generation. A 

simple model of a PV array in a ROW is presented in Figure 2 

 

Figure 2. Hypothetical Model of PV Array in ROW 

 

A PV panel, charge controller, inverter and transformer are the main components of a PV array. A charge 

controller helps to regulate the voltage before connecting the power to inverters. The inverter converts the 

DC electricity coming from the PV into AC, and the transformer consequently steps up the voltage in order 

to supply the power to the grid. In an off-grid system a battery and local DC load are connected to the charge 

controller. ROWs constitute varying landscapes with or without a slope. Landscapes and road orientations 

might help or hinder the PV installation. Locating a PV array next to a road with high-speed vehicles might 

need extra safety considerations in comparison to a system installed in an isolated location.  
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CHAPTER 2. PV ARRAY IN ROW  
 

Initially, PV arrays were intended to supply power for temporary needs such as message boards, signage and 

weather information in remote locations, thus reducing electrical transmission infrastructure costs (TRB, 

2011). The simple small modular system did not have noticeable undesirable impacts. However, large scale 

PV array with an increased size enhances the system complexity as well as potential impacts. This section 

highlights a few of the PV projects and programs that are implemented nationally and internationally to 

understand the various constituents of PV arrays and their impacts to transportation. 

2.1 Existing PV Array in  ROW and Rest Areas 

In the United States, DOTs in Oregon, California, Massachusetts, Ohio, Wyoming, Michigan, Texas and 

Florida are actively deploying PV arrays for power generation. Some of the projects from some of these 

states are presented below as examples. 

 

Oregon Department of Transportation (ODOT) 

ODOT is the leader in tapping solar energy resources within the ROW. As per the State of Oregon 

Governorôs Directive to state agencies for achieving their future energy needs,  by using 100% renewable 

energy, ODOT plans to offset all of their electrical usage via solar and wind energy (Poe and Filosa, 2011).  

In 2008, ODOT implemented a Solar Highway Project near Portland, Oregon, that comprised 594 solar 

panels and is currently producing about 130,000 kilowatt hour (kWh) annually (FHWA, 2012).  As per 

conversations with the ODOT Program Manager (Hamilton, 2013), no specific NEPA impact analysis for the 

solar array development was performed.  

 

In 2013, ODOT performed a site pre-feasibility and impact analysis for the West Linn solar highway project. 

The feasibility study using a basic NEPA methodology assessed impacts to biological resources, wetland and 

water quality issues, hazardous materials, noise, visual and aesthetic resources, socioeconomics, 

geotechnical, archaeological and historical resources, and air quality. Additional resources that could have 

impacts from a PV array were also investigated such as electromagnetic field effects, wildfire risk potential, 

social effects such as crime and vandalism, and the potential for glare. None of the risk factors were found to 

be negatively affected by the PV array. During the feasibility study it was conceptualized that the PV array 

could be a protective barrier, which could prevent wildfire spreading (Good Company, 2010). 

 

Massachusetts Department of Transportation (MassDOT) 

MassDOT in conjunction with the Town of Carver installed a 122 kW PV array along U.S. Route 44 in the 

State of Massachusetts. An airspace lease (Section 3.3) was granted for the state-owned land by MassDOT 

with a recurring annual payment, and the electricity generated from the project is being used to support the 

power demand of a nearby waste water treatment facility in the North Carver Water District. The project is 

located behind an existing guardrail 65 ft. away from the roadway along an east-west state highway. One of 

the easement conditions provides DOT a right to reuse the land if needed for future road expansion (Poe and 

Filosa, 2011). 
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In December 2012, Massachusetts Department of Energy Resources (MassDOER), in cooperation with 

Massachusetts Department of Environmental Protection (MassDEP) and the Massachusetts Clean Energy 

Centre (MassCEC), published a report titled ñClean Energy Resultsò for the ground mounted solar array. The 

report was developed to help local decision-makers and community members to investigate the potential 

impacts from the installation of PV arrays. Most of the impact factors considered such as hazardous material, 

ambient temperature, noise, glare, electro-magnetic fields and water were concluded not to be affected by PV 

arrays (Mass.gov, 2012).  

 

Ohio Department of Transportation (Ohio DOT) 

The Ohio DOT in conjunction with the University of Toledo deployed a 100 kW solar array in its highway 

ROW adjacent to the Veteranôs Glass City Skyway Bridge in Toledo, Ohio. The electricity generated from 

the solar array is used to offset the electricity demand associated with a 196 ft. lighted structure on the bridge 

which has about 384 light-emitting diodes (LED). The 100 kW test array consisting of both rigid and flexible 

solar panels made in Ohio is used to evaluate and identify problems that might arise from the implementation 

of PV arrays within the highway ROW (Mehmet Emre et al., 2013). 

 

Sacramento Municipal Utility District, California 

The Sacramento Municipal Utility District investigated the development of PV array projects at two potential 

sites along the Highway 50 corridor within the California Department of Transportation (CALTRANS) 

ROW (Burleson Consulting, July 2011). The projects envisioned a capacity of 1.4 MW but were not 

implemented. Flat-plate PV arrays and concentrated photovoltaic (CPV) array technologies were 

investigated for the two locations (East Sacramento section and Mather Field interchange section).  The pre-

feasibility and potential impact study concluded that the proposed project would not contribute incrementally 

to an environmental change or impact when considered in combination with other projects in the area, and 

therefore the project would not create a significant impact.  For certain identified potential impacts, specific 

mitigation measures were suggested to reduce the impact to a less than significant level. 

 

Michigan Rest Area Applications  

In September 2011, the Michigan Department of Transportation (MDOT) awarded a contract to develop and 

install technology to convert solar energy into electricity at three MDOT rest areas (AASHTO Journal, 

2011). Two rest stops in the Upper Peninsula and one in southeast Michigan use three separate, grid-

connected solar arrays to lower overall energy costs while demonstrating the feasibility and benefit of 

photovoltaic energy generation. The project is 100% federally funded with a grant from the U.S. Department 

of Energy. MDOT will oversee installation of the solar-energy systems along Interstate 75 in St. Ignace, 

Interstate 94 in Chelsea, and Michigan 28 in Seney. Each project is designed to have a lobby kiosk that will 

display real-time information about energy savings.  

 

International Solar PV Applications 
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Internationally, European countries have been deploying PV arrays along the ROW for over thirty years. The 

approaches to PV array deployment on ROWs are different among the countries, depending upon the nature 

of the ROW and the type of existing infrastructure. Primarily, PV arrays are deployed on noise barriers 

alongside highways and on top of automobile tunnels. Noise barriers are principally installed to protect 

residential or commercial areas exposed to highway noise pollution and provide the ability to generate 

renewable energy by adding PV panels (see Appendix B). 

Relatively lower solar insolation in European countries requires more space for electricity production 

through PV systems on a large scale.  They tend to utilize most of the available spaces; for example, the 

noise barriers along European motor and railways often stretch over many kilometers and are used for 

electricity production. Countries such as Germany, Spain, and Italy implemented many solar highway 

projects called the ñSolar Roadwaysò(European Commission, 2000). 

The combination of power generation and noise protection capability makes PV array noise barriers adjacent 

to the road an attractive option in the highway ROW. PV array could be installed on top of the existing 

structural support of the noise barrier. Utilizing existing structures lowers the projectôs overall cost by saving 

part of the support structure installation costs and time. This cost-saving benefit enables a cost-effective use 

of solar energy in many locations. See Appendix B for the examples of noise abatement, solar array systems 

along highways in the Europe. 

Germany and Spain are well poised with quantitative tools to analyze potential glare impacts and are 

equipped with established procedures to enforce the impact remediation measures. In Germany, before PV 

arrays are installed, glare analysis and the influence of glare on passing drivers is performed and approved by 

the government authority. Permission will not be granted to install PV array along highways unless the 

assessment process is complete (Meseberg, 2012).  In Germany, any structure within 100 meters (328 feet) 

of a federal motorway or within 50 meters (164 feet) of certain federal highways requires a permit from the 

Regional Highway Authority, and nothing can be built within 40 meters (131 feet) in federal motorways and 

20 meters (66 feet) in federal highways. The clear zone is 10 meters (33 feet). Within the clear zone PV array 

projects can be permitted by a special planning procedure depending on individual case review (Persem et al. 

2011). This process ensures that there is no influence or increased accident risk for drivers due to PV array 

glare. The review of existing PV array developments suggest that to avoid any undesirable circumstances 

resulting from PV array development, an impact study is important that considers factors such as specific 

technology, geographic locations, road conditions, orientation and local environment.  

2.2 ROW PV Resource Potential and Potential Impact Concerns 

In 2011, The CDOT Division of Transportation Development (DTD) Applied Research and Innovation 

Branch completed a research project on the availability of alternative energy statewide within the CDOT 

ROW. The report entitled ñAssessment of Colorado Department of Transportation Rest Areas for 

Sustainable Improvements and Highway Corridorsò highlighted the solar energy generation capabilities 

within the CDOT ROW. The following summarizes the salient aspects of the report to this project: 

CDOT maintains 9,144 linear miles of roadway ROW and numerous other properties including rest areas, 

maintenance yards, remnant parcels and office complexes. Coloradoôs unique characteristic - more than 300 
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days of sunshine per year is conducive to alternative energy production from solar array. A resource map 

was presented in the report for the entire State of Colorado to show the location and distribution of solar 

resources, giving an estimated theoretical maximum amount of energy from solar for CDOT Rest area, 

maintenance facilities are some of the assets within or near the ROW that can accommodate ground mounted 

or roof mounted solar array (Kreminski, 2011). However, the estimates presented in the previous report did 

not consider specific details such as the size of the clear zone or siting criteria, therefore the actual capacity 

of the ROW would be different. In addition, spaces on the bridges and noise walls could also be considered 

as potential areas for PV array installation were not included.  

2.3 Baseline Conditions and Concerns 

Colorado receives solar insolation in the range of 8.08 to 10.38 GWh/acre/year, with the highest in south and 

southwestern locations (from the San Luis valley west to Cortez) within CDOT Regions 2 and 5 (NREL, 

2009). Previous research studies performed by CDOT indicate that almost the entire CDOT ROW has space 

available for some kind of PV array installation. Figure 3 shows the levels of insolation and the major 

highways in the State of Colorado. The areas marked in thicker red lines identify the potential areas for 

setting up PV array in CDOT ROW that are greater than 200 ft. wide (Kreminski et al., 2011).  While it can 

still be feasible to set up solar array in ROWs with a lesser area, key findings from literature and expert 

interviews suggest that ROWs with a minimum width of 30 ft. are more appropriate to reduce the impacts, 

since they provide adequate area for electricity generation while maintaining efficient ROW operation and 

maintenance actions. 

 

Figure 3. Insolation Levels for Colorado 

 
 

Based upon the scope of this research project, the area for potential PV array field study locations was 

focused upon I-70 (east from Denver to the Kansas State line) and Interstate Highway I-76 up to the 
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Nebraska State Line. Based on the map and the field studies, baseline ROW conditions amenable to solar 

arrays can be summarized as follows: 

 

¶ Many areas have ROW width beyond the Clear Zone (30 ft. from the edge of pavement) 

¶ Some areas have greater than 200 ft. of ROW 

¶ Most of the ROWs are in rural settings that might be most desirable for energy development within 

CDOT ROWs 

¶ Maximum vehicle speed (Interstate) allowed in Colorado is 75 mile per hour (mph)  

¶ A variety of road orientations is available: straight roads in a long stretch of the eastern plains, bends 

and slopes in the mountains, highways running both east-west and north-south  

¶ Existing PV arrays in and next to highways (presented in CHAPTER 4) but not in  CDOT ROWs 

¶ Areas available that have space to accommodate large PV array (2.5 MW and more) 

 

The Team conducted meetings with CDOT at various points during the study and at different CDOT 

locations such as in CDOT Headquarters, CDOT Maintenance Branches in Limon and Denver in CDOT 

Region 1, and Region 2. A wide range of solar array ideas, concerns and implementation ideas were obtained 

from discussions with CDOT representatives about ROW procedures, guidance and permitting processes. 

The following generally summarizes the main issues identified by CDOT representatives: 

 

¶ The CDOT Environmental Representatives had potential impact concerns about stormwater 

management, ecosystems, noxious weeds, prairie dog colonies, bird migration, wildlife migration 

disruption and the attraction of wildlife to PV arrays.  

 

¶ The CDOT Safety Engineering Representatives had a concern that a stationary object like a PV array 

within a ROW (but outside the Clear Zone) might cause driver fatality if the vehicle goes out of 

control and collides with the array framework/structure. The location of PV arrays either behind the 

existing guard rail or in isolated places away from the highway is the best. There are engineering 

approaches that can be used to mitigate potential safety issues such as adding berms, installing cable 

guard rails or constructing new guardrails alongside the roadway. 

 

¶ CDOT Traffic Engineers were concerned about traffic flow and lighting systems.  Access and egress 

of maintenance vehicles used to maintain the solar array could challenge the smooth flow of traffic 

and be a potential safety issue. Signage along the highway will be needed to alert drivers of 

upcoming maintenance actions to avoid sudden stopping or dramatic slowdowns in traffic speeds.  

 

¶ CDOT Maintenance Representatives had snow management, and ROW mowing concerns. 

Maintenance representatives voiced concerns about changing patterns of snow drifting and deposition 

along the roadway that could result in unsafe, icy conditions to the drivers. The application of 

chemical deicer (magnesium chloride) could cover the panel surfaces and require additional PV array 

maintenance. Snow plow blasts from snow clearing could hit or damage the PV panels and structure 
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thus requiring additional PV maintenance. Grass cutting operations could be obstructed by the 

placement of chain link fencing around the solar arrays.  

 

¶ The CDOT Right of Way Representatives were concerned about the number of times an energy 

provider would need to access the PV array. The frequent PV arrays maintenance actions require 

increased ROW parking and the use of equipment near the roadway that may impact driver and 

worker safety thus requiring traffic control plans.  Visits by low speed maintenance vehicles impacts 

traffic safety. It is possible that during PV array construction and maintenance actions, a Traffic 

Control Plan would need to be developed and managed by the solar energy provider and CDOT.  It is 

preferred that solar array access be provided from an adjacent frontage road and not directly off the 

highway.  Detail of focus group discussion is presented in Appendix C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3. REGULATIONS AND PERMITTING REQUIREMENTS  
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Disclaimer: Summary of the existing rules and regulations is presented here as a reference.  This is not a 

comprehensive list; one willing to implement an actual PV project in ROW needs to follow the regulations 

that are current at the time of project development and needs to coordinate closely with their CDOT Project 

Manager. 

The deployment of PV arrays with an operational life of at least 25 years along the highway ROW is a long-

term project and needs to abide by the existing procedures and regulations followed by the DOT in ROW 

development and long-term management. The requirements that need to be followed by an energy provider 

during project design, construction, operation and maintenance are presented  

3.1 ROW Design Requirements 

CDOT has a responsibility for the safe and efficient flow of traffic along highways. Consequently, the safety 

of drivers and working crews is vital. To help avoid accidents, it is necessary to identify a general design 

approach for renewable energy installations near the roadway. The Manual on Uniform Traffic Control 

Devices and FHWA safety guidelines were referenced directly in this research (AASHTO 2011) and the 

American Association of State Highway and Transportation Officials (AASHTO) Roadside Design Guide 

(RSDG) is a standard for ROW design and management. 

3.1.1 AASHTO Definitions 

Pertinent AASHTO definitions are as follows: 

¶ The Clear Zone is defined by the RSDG as ñthe total roadside border area, starting at the edge of the 

traveled way that is available for an errant driver to stop or regain control of a vehicle. This area 

might consist of a shoulder, a recoverable slope, and/or a non-recoverable, traversable slope with a 

clear run-out area at its toe.ò  

¶ Crash Cushions are systems that mitigate the effects of errant vehicles that strike obstacles, either by 

smoothly decelerating the vehicle to a stop when hit head-on, or by redirecting the errant vehicle.  

¶ Guardrails which might be flexible or rigid, help guide the off track vehicle back to the road. This 

type of barrier would protect the driver and help decrease the severity of accidents from head-on 

collisions with the PV array.  

¶ Lateral offset on the horizontal curve of a road is the space between the road and a line connecting 

two ends of the curve. 

¶ Breakaways are design features which allow a device such as a sign, luminary, or traffic signal 

support to yield or separate upon impact. The release mechanism may be slip plane, plastic hinges, 

fracture elements or a combination of these.  

3.1.2 AASHTO Requirements 

The National and Industry Standards in the Rules & Regulations Guide require that all DOT agencies adhere 

to the following: 

¶ ñA Guide for Accommodating Utilities within Highway Right-of-Way,ò AASHTO, October 2005 

edition 
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¶ ñA Policy on the Accommodation of Utilities Within Freeway Right-of-Way,ò AASHTO, October 

2005 edition 

¶ ñRoadside Design Guideò, AASHTO, 4th edition 2011 

3.1.2.1 AASHTO RSDG 

Applicable RSDG guidance is as follows: 

¶ Most highway agencies provide at least 30 ft. of clear zone (traversable and unobstructed roadside 

area) for high-volume, high-speed roadways. 

¶ RSDG discusses specific guidance on the location of fixed and/or permanent applications along the 

roadside. 

¶ Fixed or permanent structures such as  PV arrays must be adequately protected from the effects of 

ambient conditions (e.g. ice and wind loads, temperature) and meet or exceed the AASHTO Standard 

Specifications for Structural Supports for Highway Signs, Luminaries and Traffic Signals. 

¶ AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaries and Traffic 

Signals and NCHRP Report 350 list criteria that a breakaway support will fail in a predictable 

manner when struck head-on by an 1800 pound vehicle or equivalent, at speeds of 20 mph and 60 

mph. Breakaway designs are intended to reduce the severity of an accident rather than to reduce the 

frequency.  

The existing RSDG does not have a direct provision for renewable energy installations; however, these 

requirements need to be followed in installing a PV array within the ROW. 

3.1.2.2 Federal Regulations and Standards 

The following includes the Federal regulations and standards that must be followed while accommodating 

utilities in the Right of Way: 

¶ ñRights of Way,ò [Title 23 - Highways] 23 CFR 1.23, April 1, 2008 

¶ ñUtility Relocations, Adjustments, and Reimbursement,ò 23 CFR Part 645A, April 1, 2008 

¶ ñAccommodation of Utilities,ò 23 CFR Part 645 B, April 1, 2008 

¶ Air Space Lease 23 CFR 710 

¶ ñTransportation of Natural and Other Gas by Pipeline; Minimum Safety Standards,ò Hazardous 

Materials Regulation Board, [Title 49 - Transportation] 49 CFR Part 192, October 1, 2007 

¶ ñTransportation of Liquids by Pipeline; Minimum Safety Standards,ò Hazardous Materials 

Regulation Board, 49 CFR Part 195, October 1, 2007 

3.1.3 Maintenance and Operations ROW Considerations 

Traffic flow, road maintenance, and user safety are the major functional components of highway operation 

and maintenance. The following is a list of the ROW considerations based on road maintenance and 

operations:  
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¶ Snow removal during winter and mowing during summer are maintenance responsibilities, in 

addition to repairing pavements and structures (CDOT, 2012). CDOT follows the AASHTO 

guidelines as applicable. 

¶ For a maximum speed limit of 75 mph on the interstate freeway (GHSA.gov), a 30 foot Clear Zone is 

critical for drivers to recover control if the vehicle goes off the roadway. Few rigid objects in the 

Clear Zone help reduce the severity of accidents.  

¶ Lane shift and reduced speed are some of the characteristics of a work zone. Open space for road 

diversion, maintenance storage, maintenance activity and access roads for maintenance vehicles are 

desirable for faster road maintenance and better traffic flow (AASHTO, 2011). Traffic Management 

Plans are often required by CDOT for construction and some maintenance actions occurring within 

the ROW. 

3.2 ROW Environmental Regulations 

 3.2.1 Environmental Requirements 

CDOTôs commitment to the protection and preservation of the state environment requires energy providers 

to comply with federal, state and local environmental regulations and land use requirements in all projects 

and activities.  

Wherever significant adverse social, economic or environmental impacts may result from the ROW work, 

the utility owner (PV developer in this case) shall comply with applicable Federal, State and local laws, 

regulations and codes. PV projects shall follow the following environmental regulations: 

¶ Maintain air quality, (ñColorado Air Quality Control Act,ò Title 25, Article 7, CRS) and minimize 

noise (25-12-103, CRS for noise control).  

¶ Minimize the generation of hazardous wastes (25-15-101(9), CRS) resulting from operations, take a 

prompt action to remove/ dispose/ treat any such wastes from ROW, (Title 25, Article 15, CRS). For 

solar array support structure foundations, proper attention should be taken to avoid any contact with 

subsurface hazardous waste.  

¶ Maintain stormwater quality during construction and post construction (Title 25, Article 8, CRS), 

ñProtection of Fishing Streams,ò (Title 33, Article 5, CRS), and maintain temporary erosion and 

sediment controls (CDOT, 2002). 

¶ Comply with all requirements of an applicable permit and all special conditions by the US Army 

Corps of Engineers, when impacting wetlands, placing dredged or fill materials in waters of the State 

of Colorado for utility line crossings or construction. 

¶ Avoid construction or other activity in wetlands unless there is no practicable alternative to such 

construction or activity and provided that all practicable measures are taken to minimize harm to 

wetlands which may result from such use.  

¶ Perform advance cultural resource investigations, as necessary for the Department to comply with the 

ñColorado Historical, Prehistoric and Archaeological Resources Act,ò Title 24, Article 80, CRS, the 
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ñColorado Register of Historical Places Act,ò Title 24, Article 80.1, CRS, and all applicable Federal, 

State and local agency rules and regulations. 

¶ Require an environmental review under the National Environmental Policy Act 

3.2.2 ROW Environmental Guidance 

When directed by CDOT, utility company and/or energy provider shall perform advance natural resource 

investigations in the vicinity of all proposed buried or above-ground installation, as necessary, to comply 

with the Endangered Species Act of 1973, the Migratory Bird Treaty Act and the Bald and Golden Eagle 

Protection Act. 

Any cultural resource investigation shall be performed by a Colorado permitted archaeologist. Such 

investigations, and proposed mitigation if any, shall be subject to review and concurrence by the Colorado 

State Historic Preservation Officer. 

As per the Water Quality Control Division (WQCD) of the Colorado Department of Public Health and 

Environment (CDPHE), the utility owner shall contact CDPHE to obtain a Colorado Discharge Permit 

System (CDPS) Stormwater Construction Permit applicable to construction site Stormwater runoff, drainage 

from utility line casings, equipment wash water. 

According to NEPA requirements, each action in the highway ROW that is classified as a potential major 

federal action must comply with NEPA requirements and other relevant environmental regulations. Federal 

actions are projects that use federal funding, require a federal permit, or require a federal agencyôs approval.  

The appropriate NEPA action is determined by the significance of the environmental impact of the project 

being proposed. Actions in the highway ROW that do not individually or cumulatively have a significant 

effect on the environment may be covered under a Categorical Exclusion level document (US DOT, 2012). 

3.3 Utility Accommodation Policy and Airspace Leasing 

The FHWA has developed ROW guidance (23 CFR 710 Subpart D) (FHWA, 2013) for utilities that are 

appropriate for ROW alternative energy generation, which is summarized in ñRenewable Energy Generation 

in the Highway Right-of-Wayò (Volpe, 2013). The installation of renewable energy in the ROW can be 

carried out in two possible ways, a project that serves "the public" can be accommodated under the DOT's 

approved Utility Accommodation Policy (UAP) or projects for private or proprietary use needs to be 

approved under airspace leasing requirements. 

 

In Colorado, CDOT has the authority and responsibility to issue permits for utility accommodations on 

Interstate and State Highway ROWs that may also include local streets within the local agency jurisdiction. It 

is the responsibility of all utility owners to obtain any permits from the CDOT prior to performing any utility 

accommodation work. The State Highway Utility Accommodation Code serves as a guideline for safe, 

efficient and effective joint utilization of State Highway ROWs for both transportation and utility purposes 

(CDOT, 2009). The Code establishes a consistent statewide process for accommodating utilities within 

ROWs to ensure that such accommodations do not adversely affect user safety or otherwise impair the 

operation, aesthetic quality or maintenance of the transportation facility, or conflict with applicable law.  
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Concerning the utility accommodation and airspace lease permit procedure, the Federal government requires 

the NEPA process for the environmental analysis of new project development. It is expected that solar arrays 

in ROWs will not cause significant impacts; therefore, a costly and time-consuming Environmental 

Assessment (EA) would not be necessary and a more limited Category Exclusion (CATEX) would be 

appropriate. An EA may be needed if a very large solar array was being considered for a large corridor and a 

programmatic environmental approach would be needed by CDOT. Some of the Environmental factors that 

might be affected directly by the PV array are described here, and need to be assessed under the CDOT 

NEPA process for solar array. The energy provider will need to coordinate closely with the appropriate 

regional CDOT Environmental Manager and other environmental representatives regarding potential 

environmental impacts. 

3.4 Existing ROW Leases and Potential Conflict with PV array Development 

Before starting the PV Array project, it is necessary to avoid any conflict with existing projects and 

agreements such as the potential location might already have been leased or there might be another 

infrastructure planned or in place. CDOT should have its right to reuse the property without any burden if it 

needs the space for future road expansion. 
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CHAPTER 4. SOLAR ARRAY FIELD VISITS  
 

In Colorado, many PV arrays have been installed in recent years. PV arrays installed on or near the ROW by 

various investors were selected for this research study. The orientations of the panels, site design, system 

capacity, configurations and maintenance as well as related impacts were studied during the field study 

visits.   

4.1 CSU-P Solar Array  

CSU-P is the first public university in Colorado to deploy a PV array to offset its energy demand by 

installing a ground mounted flat PV array in a utility scale (with 1.2MW capacity on 3.4 acres of land). CSU-

P has monitored the environmental and other general impacts of the PV array in the surrounding area since 

its inception in 2008. The PV array is located on the northeast corner of the campus away from the campus 

traffic and activity area. There were initial concerns that glare and view shed distractions would affect the 

viewing of sporting events at the adjacent stadium.  Based upon monitoring and public feedback, no 

problems associated with glare were encountered; however, the impact of glare or any other distractions 

might be different under roadside conditions. 

Beyond glare, another concern of any PV array project is its implications to the wildlife and their habitat. 

The CSU-P project location is surrounded by a wildlife area and is adjacent to a wildlife preserve. 

Encountering coyote and other wildlife on the preserve is very common, but no wildlife impacts have been 

observed. There were initial concerns about PV performance related to rodents building their nests 

underneath or around the panels which might have resulted in damaged wires from animal chewing.  No 

such incidents have been observed since its installation in 2008.  

Maintenance requirements of the system are minimal, which might be due to a relatively clean campus 

environment. However, it is possible that frequency of maintenance requirements might be higher in the 

highway ROW due to the air particulates from tail pipe emission of motor vehicles and dust deposition by 

the wind blowing from a desertôs dry open space. In addition, chemical deicing residue and/or splashes from 

the high speeding vehicles during rainy and snowy days can spoil the panel surface and/or corrode the 

structure. 

4.2 E-470 Toll Road 

E-470 is a toll road on the east side of Denver connecting the north and south sides of the metropolitan area. 

The privately owned highway provides easy access to Denver International Airport (DIA) from the 

metropolitan area. In 2012, PV arrays were installed in 22 sites along a 17-mile stretch of the toll road from 

64th Avenue to Gartrell Road. The 708 kilo watt (kW) system supplies one-third of the operational power 

need of the toll road.   

Figure 4 shows a PV array used to supply power to the traffic lights on Smoky Hill Road adjacent to E-470.  

The PV panels are installed on the slope alongside the exit ramp. The pole support structure is used for a 

standalone array in a group of twelve panels. Panels are orientated toward the south to avoid shading from 

each other during morning and afternoon sun. The energy investors on E-470 won the ñSocial Responsibility 

President's Awardò in 2013 (IBTTA, 2013). 
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Figure 4. Solar Array on E-470 

 
 

4.3 Denver International Airport  (DIA)  

DIA installed PV arrays adjacent to Pena Boulevard near the Terminal Building in 2011.  DIA has both 

tracking as well as fixed PV array installed facing south. The DIA staff engineer pointed out that the tracking 

systems exhibit malfunctioning due to weather conditions. This has primarily been observed at subzero 

temperatures during winter months which freezes the liquid in the hydraulic equipment thus limiting the 

performance of the tracking system. The DIA PV array is privately owned and has no financial relationship 

with DIA operations. One of the main impacts noted was corrosion of the array structural framework, which 

might be due to deicing chemicals or emissions from vehicle tail pipes. 

 

The array is approximately 90 feet away from the main Pena Boulevard guardrail near the East/West 

Terminal split. More reflection was noticed from the array frame than from the panels. The DIA project used 

recycled concrete on the ñfloorò of the array system, and it was noted that some noxious weed control is 

necessary. No bird issues associated with the solar array system have been recorded. Figure 5 shows the 

presence of a wasp nest in some of the structure pipes used for support structures which could present a 

safety issue to the maintenance crew. 

 

Figure 5.Wasp Nest in Support Structure  
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4.4 Northwest Parkway 

The Northwest Parkway, located in the northwestern portion of the Denver metropolitan area, signed a 20-

year power purchase agreement with an energy provider (Soltura Energy Capital) to use their ROW for 

energy generation. Installed in 2011, the solar array within the Northwest Parkwayôs ROW is comprised of 

seven individual systems that generate 63 kW of electricity. A separate contractor (Bella Energy) was 

responsible for the construction and ongoing maintenance. The following highlights the discussion and field 

observations with the Northwest Parkway Lead Engineer (Mark Shotkoski):  

 

¶ The solar panels were facing in a southerly direction along the tollway, orienting parallel to the 

highway. 

¶ There is approximately 35 ft. distance between the shoulder edge and the closest panel. 

¶ The efficiency of the panels does not significantly improve much after panel washing and was 

discontinued. 

¶ No deicer impacts have been noted on the solar array structure. 

¶ Coordination with the city of Broomfield was needed for prairie dog colony impacts. 

¶ No snow drifting and depositional impacts on the roadway surface were observed. 

¶ Solar panel angles are between 18-24 degrees, and no glare impacts have been noted by the engineer 

and the traveling customers. 

¶ It is important to place end caps on metal cylindrical structural framework to prevent insect nests. 

¶ A geotechnical study was performed for the ground mounted structure design and construction. 

¶ Erosion control during construction was required by the City of Broomfield. 

¶ Fences were used to protect the PV array from theft (as shown in Figure 6); razor wire was not used 

due to aesthetics. 

 

Figure 6. PV Array with Fence 
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4.5 Denver Federal Center (DFC) 

The DFC installed an 8 MW direct current (DC) solar array in 2008, which provides approximately 17% of 

the DFCôs electrical needs annually. A computer-based system operation and maintenance program is in 

place that monitors energy production and overall operations of the system (corrosion, contamination, 

electric short and leakage, etc.). The following highlights the discussion and field observations with the DFC 

Lead Engineer:  

¶ The PV development was done under NEPA Categorical Exclusion and no major impacts were 

identified. 

¶ Some array panels were located adjacent to US 6 in close proximity to the ROW fencing (see Figure 

7) and no driver complaints were received. 

¶ Panel cleaning is not performed since self-cleaning by rain or snow precipitation seems to be 

providing the cleaning function. 

¶ The panels are not very reflective and may not produce any glare effect, but glare was observed from 

the frames of the system. 

¶ Most of the DFC site has fences surrounding the array system with continuous area security; 

therefore, no theft or vandalism has been was reported so far. 

¶ Evidence of panel breakage was observed in some of the visited sites. The major causes of panel 

breakage have been either due to manufacturerôs defect, panel mishandling during panel installation, 

or lawn mowing during which small rocks/pebbles break the panels upon impact. 

¶ Noxious weeds are a problem under and near the solar panels; active re-vegetation was not performed 

immediately after construction. 

 

Figure 7. Denver Federal Center PV Array s 

 
 

As shown in Figure 7, four PV array sites are located beside roadways; consequently, due to adjacency to 

roadways, inevitable impacts on motorists such as glare may cause driver distraction. For illustration, a PV 

array sited near the bridge adjacent to highway US-6 is shown in Figure 8. Glare from the PV array adjacent 
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to the bridge could pose risks to motorists. A driver distracted by the PV array could lose vehicle control in 

an immediate narrowed road and hit the guard rail of the bridge. Panels are supported in aluminum square 

channels with a truss structure, as shown in Figure 9. The ground below the panels contains grass, which 

might need mowing once or twice a year.  

Figure 8. DFC Solar Array Near Bridge  Figure 9. DFC Support Structure Example 

  
 

4.6 Air Force Academy 

A 6 MW ground- or pole-mounted system is installed in 32.4 acres located on the north side of Colorado 

Springs, Colorado, adjacent to I-25. The energy company Sunpower has installed more than 19,000 PV 

modules in this array system which has been in operation since 2011 (AASHE, 2011) (Winkle, 2010). It is 

observed that the public has encountered some inconvenience from this system and commented on the 

project website. CDOT maintenance staff also reported an increase in snow accumulation on the road 

potentially due to the enhance snow drifting and shade. The PV array layout is shown in Figure 10. 

Figure 10. PV Array on the Air Force Academy (Baillie Amber, 2012) 
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4.7 Community-Owned Solar Garden (off I -25 MP, 135.5 near Fountain) 

The Community Solar Garden near Fountain, Colorado was built in 2013 by Clean Energy Collective (CEC) 

consisting of 2,210 solar panels in 8.67 acres of land. The 500 kW system is oriented at a tilt angle of 40 

degree south-facing. El Paso County has granted a special permit in a variance of their land development 

code. They require planning of landscape, hazardous material handling, mowing and weed control, opaque 

fencing toward the neighborhood side, and drainage (Clean Energy Collective, 2013). Figure 11 shows the 

PV solar garden, which is adjacent to the highway. This site was used as a model for a glare analysis, which 

will be presented in Section (5.4.1). 

 

Figure 11. Community Solar Garden Adjacent to I-25 

 
 

For more information on the field visits regarding the site conditions, physical characteristics and modeling 

variables, and expert interviews, see Appendix E. 
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CHAPTER 5. IMPACTS OF  ROW PV ARRAY  
 

PV technology is relatively safe and is implemented with few impacts. However, installing, constructing, 

operating and maintaining PVs in ROWs might pose unique impacts as discussed in the previous chapters. In 

this chapter, potential impact within the ROW will be grouped under three categories: 1) driver safety, 2) 

road maintenance and 3) environmental impacts.  

5.1 Driver Safety Impacts  

Drivers have certain expectations while driving on a freeway. Adequate sight distance, proper signage, 

smooth traffic flow, limited distractions, smooth road conditions, well-disciplined fellow drivers and well-

managed ROWs are desirable and expected. Installing PV arrays within ROWs may compromise these 

expectations and can introduce other undesirable experiences. Some of the undesirable factors for driverôs 

safety identified in this research are presented here. 

5.1.1 Driver Distraction  

Driving requires full attention to control the vehicle and respond to the changes in traffic dynamics such as 

approaching a slower vehicle, maneuvering in a curve on the road, providing space for merging vehicles, etc. 

To perform these tasks a constant coordination between eye, mind, and body is essential. Any distractions 

that take a driverôs attention away from the road for a few seconds could lead to an accident. Driver 

distraction is one of  the major causes of vehicle crashes, which could be caused by visual (eyes off the 

road), cognitive (mind off the road), and manual (hands off the steering wheel) malfunction (CA.gov, 2011). 

Eighty percent of crashes and 65% of near-crashes involve some form of driver distraction that occurs within 

three seconds before the vehicle crash. Looking at an object or event outside of the vehicle is one of the 

principal actions that cause distracted driving which leads to vehicle crashes (NHTSA and VTTI, 2006). 

 

The US Department of Transportation's National Highway Traffic Safety Administration (NHTSA) reported 

33,561 highway deaths in 2012, which is an increase of 1,082 from the previous year. The number of 

fatalities caused by distraction-related crashes decreased slightly from 3,360 to 3,328 in the same year, while 

the number of injuries increased to 421,000 people from 387,000,  a 9% increase for 2012 (NHTSA, 2013). 

Most of the DOTs have set goals to decrease these incidents, and PV array deployment should not impede 

their goal. The unexpected view of a PV array may catch the sudden attention of drivers while approaching a 

PV array site and contribute to driversô distraction; however this potential impact is not significant and can 

be easily mitigated by signage or proper placement of the arrays. 

5.1.2 Fixed Structure  Within/ Near the Clear Zone 

A fixed structure near the road increases as the risk of accidents and driver fatalities. Introducing a stationary 

object next to a high-speed roadway is unsafe as a car deviating from the road may hit the stationary object 

resulting in fatal accidents due to the higher momentum of the speeding car. A fixed structure solar array 

may increase driver fatalities or injuries if introduced within the clear zone without barrier protection or 

adequate distance.  
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In addition, the PV array may block animal migration or daily routes. The trapped animals can become 

confused and run into traffic.  Similarly, introduction of a PV array in ROWs might alter mowing and other 

maintenance activities; the change in maintenance activity could compromise the driverôs safety. Crashes 

due to road maintenance equipment and wild animals accounts for around 0.29% and 14.54% of total 

accidents respectively in 2011 (CDOT, 2011).  

 5.1.3 Light Reflection- Glint and Glare 

Glint is defined as a temporary flash of light, while glare is defined as a continuous source of excessive 

reflected radiance. Solar glare causes nearly two hundred fatalities and thousands of accidents involving 

motor vehicles on average each year. The impacts of glare from PV array installations can range from 

discomfort to disability (Clifford, 2013).  

Albedo is the unit of the measure of reflectivity, which is the ratio of solar radiation across the visible and 

invisible light spectrum reflected by a surface. Albedo varies between zero (surfaces that reflect no light) to 

one (a mirror-like surface that reflects all incoming light). The mono-crystalline silicon wafers which are the 

basic building block of most PV modules absorb up to 70% of the sunôs solar radiation in the visible light 

spectrum (Good-Company, 2011). Solar panels with a single anti-reflective coating have an 0.10 albedo 

(sand: 0.15-0.45, agricultural vegetation: 0.18 - 0.25) (Budikova, May 8, 2010). This suggests that the solar 

panels have a lower reflectivity than the prevailing ground cover area; agricultural crops, etc. (see Table 3, 

Appendix F, for detailed list).  

PV cells are encapsulated and covered with a transparent cover film. These protective layers reduce the 

amount of reflected light from photovoltaic modules.  Most solar panels are now designed with at least one 

anti-reflective layer and some panels have multiple layers. A PV array does not significantly alter the siteôs 

current amount of reflected indirect sunlight; however, their orientation may create glare or glint at certain 

viewing points in certain daylight conditions. PV arrays have a potential of flash blindness, which can cause 

temporary vision impairment. A high-speed driver with temporary vision impairment might lose vehicle 

control, resulting in a crash. 

5.1.4 Snow Drifting 

Snow deposition on the highway is a major concern to the CDOT Maintenance. The installation of a PV 

array along the highway ROW might affect the existing snow drifting and depositional patterns thereby 

increasing ice and snow build up on the roadway making the road more slippery. Ice on the roads lowers tire 

gripping and causes loss in vehicle control.  Car pile-ups and collision incidents are high during winter. Icy 

road conditions slow down the flow of traffic for safe driving and increase the travel time. In addition, PV 

arrays may alter the natural wind flow; the wind may bring more snow flurries to the road causing visibility 

problems to drivers. Accident rates in Colorado in 2011 due to different weather conditions are shown in 

Figure 12. 
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Figure 12. 2011 State Highway Crashes due to Weather Condition in Colorado 

 

As shown in Figure 12, state highway crashes in snowy weather conditions are approximately 9.3% of the 

total road accidents; the highest in comparison to other weather conditions in Colorado (CDOT, 2011). To 

better understand snow drifting behavior and impacts, estimating the snow accumulation season is vital. 

Snow accumulation season is the period of drift growth that begins with the first blowing snow event that 

causes drifts to persist through winter, and it ends when snow drifts reach maximum volume for winter. The 

snow accumulation season is delimited by dates when the average air temperature reaches 0°C, as computed 

using mean monthly temperatures (Tabler, 1994a). Snow drifting depends upon the snow mass flux, 

concentration, height, and wind velocity. Snow impact analysis is presented later (Section 5.4.2). 

5.2 Road Maintenance Impacts 

Road maintenance activities include but are not limi ted to mowing during summer, snow plowing during 

winter, maintenance of drainages, repairing of pavement, fixing and building fences and road structures. The 

ROW serves as a buffer between the traveled way and adjacent private property (CDOT, 1979). The ROW 

maintenance approach used by CDOT depends on the location of the highway (rural or urban) and the land 

use sharing the border with the ROW. 

A PV array might have an impact on road maintenance as the array framework and associated security 

fencing might alter the mowing operations within the ROW. Mechanized equipment is used to perform 

mowing operations along the ROW, and separate standards are used for urban and rural highways. The 

grasses on the ROW are usually maintained at a height between three inches and six inches in the urban 

areas, while mowing along rural highways are maintained at a height between four inches and ten inches in 

all areas of the ROW starting from the pavement edge (CDOT, 1979). The mowing operation is carried out 

at least once a year or otherwise when necessary. The presence of a PV array will limit the movement of the 

mechanized equipment thereby limiting large-scale mowing operations. Snow plowing is done for snow 

removal, which normally deposits the snow alongside the road within the ROW. There may not be enough 
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space to deposit the snow (if the array security fence is closer to the road), as the space is occupied by the PV 

array.  

5.3 Environmental Impact Analysis 

5.3.1 Wildlife and Habitat  

Installation of a PV array on the ROW may limit wildlife movement, including migration of deer, antelope, 

and elk.  Long continuous sections of PV array, especially with the security fencing, may present a 

significant barrier. Sensitive terrestrial environments such as the short grass prairie ecosystem, for which 

CDOT has a 20-year biological mitigation program, may be impacted.  The introduction of noxious weeds 

caused by ground disruption during construction at the project site might invade the native ecosystems. 

The main impact to wildlife and habitat stems from the land use footprint used by the PV array. The 

vegetation of the site may be altered and the soil may become exposed to erosion during and after solar array 

construction. It is possible that trees and shrubs may need to be removed to provide adequate solar array 

exposure, altering wildlife habitat or removing natural snow barriers.  Hiding spots, preying strategy and 

food availability has the potential of being affected, and thus the habitat conditions of the land may be 

altered. Therefore, it is necessary to avoid placing array systems in known animal migration routes or 

wherever threatened and endangered (T&E) species may be encountered. An initial site assessment of 

potential solar array installation sites should be carried out to avoid or reduce impacts.  

5.3.2 Water Resources 

Impacts to geo-hydrological resources include topsoil erosion, increase of sediment load to receiving streams 

and the need for increased stormwater management. Concentrated stormwater flows may result from 

rainstorm/snowmelt events running off the solar array panels that can cause localized erosion, vegetation 

impacts and water quality problems. Removal of vegetation increases runoff to streams from rainfall and 

snowmelt. Thus, precautions should be taken in the removal of vegetation at a PV array site. The 

establishment of native vegetation under the PV array panels should be encouraged to prevent erosion, soil 

transport and introduction of noxious weeds. Placement of arrays should be avoided within 50 feet from 

surface water systems. Stormwater should be managed according to CDOT specifications and CDPHE 

stormwater permit regulations.   

A site feasibility study of the ODOT West Linn solar highway project proposed to arrange the PV array in 

rows and establish twenty-foot vegetated strips in between panel rows to allow stormwater infiltration. 

Shallow bio-swales along each row were proposed in the project. Excess stormwater not absorbed by the 

vegetated strips will be directed into the bio-swales which in turn are directed into a proposed ditch. The 

study concluded that the proposed stormwater management will improve drainage flows in the project site 

(Company, 2010). As an alternative, it is possible that gravel bedding could be used below the array systems 

to support infiltration of stormwater runoff depending upon site conditions. 
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5.3.3 Hazardous Waste 

After a PV arrayôs useful operational life, PV cells should be recycled to prevent the introduction of 

materials into the environment such as cadmium, arsenic, and silica particles contained within the cells. Any 

mishandling of PV panels during installation and maintenance of PV modules can cause damage to cells and 

expose the toxic chemicals into the air, which can hurt the public and environment during long-term 

exposure. For example, inhalation of silica dust (0.3mg/m3) over long periods of time (> 8hrs) can lead to 

silicosis, a disease that causes scar tissue in the lungs and respiratory decline (OSHA, 2002).  

5.3.4 Fire Potential 

The fire hazard potential of ground-mounted PV infrastructural materials (e.g., phosphine, diborane, 

cadmium), and their improper disposal, presents an additional challenge to minimizing the environmental 

impacts of a solar array (Hernandez et al., 2014). Fire hazard due to electric arcing associated with loose 

wiring connections, short circuits due to animal chewing and external stimuli might be a challenge. The State 

of Colorado has a range of arid to semiarid regions with a record number of wildfire incidents every year. 

Defensible space around a PV array can help protect the array from forest fires as well as protecting the 

forest from igniting if the solar array system catches fire. This is particularly true in light of the dramatic 

increases in the frequency and intensity of wild land fires in arid and semiarid regions (Hernandez et al., 

2014). 

5.3.5 Noxious Weeds 

Construction of a PV array project, as with any construction, might bring noxious weeds into the project 

area. Machinery, vehicles, people, livestock, wildlife, wind and water can all transport seeds from existing 

infected areas to new sites. Once established, noxious weeds aggressively invade adjacent areas. 

Consequently, these foreign plants have no natural constraints to keep them in balance with the native 

ecosystems and they quickly overtake and replace indigenous plants and dominate entire landscapes. Various 

rules and regulations are established by the State of Colorado and counties to deal manage noxious weeds.  

By reducing the land's ability to sustain native vegetation and water resources, noxious weeds deprive 

wildlife from food, water and habitat. These weeds can cause health problems in humans and domestic 

animals. Some weeds that are non-noxious may still cause problems. For example during windy weather 

conditions, tumbleweeds blown away by wind, create "tumbleweed blizzards" on the highway interfering 

with traffic by creating a nuisance to drivers. Accumulation of these plants upon the PV array might increase 

the maintenance need of the ROW. 

5.3.6 Microclimate Change 

Solar panels have low reflectivity and convert a fraction of insolation into heat, which leads to a 

microclimate change, raising temperature locally in the surrounding environment. The rise of temperature is 

caused by the infrared component of solar radiation. The surface of a PV module may attain a temperature up 

to 70ę C which is significantly higher than the ambient temperature and results in heating the surrounding air 

(Chiabrando et al., 2009). The microclimate impacts are not likely to be an issue for most ROW PV arrays, 
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but it might be experienced in large-scale PV arrays installed in urban areas and in areas with high insolation 

levels such as deserts.  

5.3.7 Noise 

Noise is defined as an unwanted sound which interferes with or disrupts normal activities. Long-term 

exposure to high levels of noise causes hearing loss. The individual human response to environmental noise 

is based on the sensitivity of the individual, along with the type and time of noise. 

The scattered noise of a ground mounted PV array comes from the inverter and transformer. The inverters 

and transformers make a humming sound during operation for generation of electricity in the daytime. The 

sound of transformers and inverters is inaudible at 50 to 150 feet from the boundary of the arrays (Mass.gov, 

2012). Noise impacts can be mitigated using enclosures, shielding and placement of the sound-generating 

equipment on-site. Siting of noise-generating equipment is critical as the sound impact can be reduced by 

half by doubling the distance to the receptor. In some areas both in the U.S. and Canada, sound impact 

analysis is required as part of the permitting process for large PV arrays. For example, in the Province of 

Ontario, Canada, any project greater than 12 MW is required to perform a sound impact analysis (Ontario, 

2009). However, the noise level of a PV array will not be higher than the traffic noise. 

5.4 Modeling and Analysis 

From the literature search impact study, it is evident that glare and snow drifting are the critical factors that 

need to be considered when implementing a PV array system. Conceptual site assessments and/or the NEPA 

process should model potential sites for glare and snow drift analysis. To help understand these impacts, 

glare modeling was completed at a potential future PV array site and at an existing PV array site. 

5.4.1 Glare Analysis 

Site 1:  I-70 West of Limon, Colorado (Mile Post 358.2) 

This project study area is located west of Limon, Colorado at mile post 358.2 along I-70 and is on the north 

side of the interstate. The available ROW space is 328 feet wide from the edge of the shoulder and 

approximately 1100 feet long. Two rows of small trees (10-15 feet high) were observed at the middle of the 

ROW. Infrastructure for stormwater drainage and irrigation was present and grass covered the entire project 

study site area. Animal bones and snake skins on the ground indicates the presence of wildlife  in the vicinity. 

Varieties of plants such as barley were seen to be growing with a large presence of insects such as locusts 

and bugs. The ROW also had a large amount of trash from the driving motorists. The barbed wire fence at an 

approximate height of 3-3.5 feet above ground level was used as a ROW boundary.  Low-lying ROW land 

was observed in comparison to the elevation of the highway, which might help to avoid snow deposition and 

snow drifting on the highway. 
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Modeling a Conceptual Solar Array  

 

A hypothetical solar array installed on the north side of I-70 facing south, presents a probability of reflection 

from the panels to the road that could impact passing by motorists. The site is modeled using a 11,610 fixed-

tilt PV solar array having an estimated power capacity of 2.5 MW. A glare modeling analysis was performed 

to assess the potential impact of the PV array layout as shown in Figure 13. 

Figure 13. Conceptual Solar Array (Limon, Colorado) 

 

 

As shown in Figure 13, a 30 ft. width from the edge of pavement was kept for the Clear Zone. South facing 

panels are installed in multiple rows aligning east-west with space provided for existing trees in the middle. 

The amount of glare and the resulting ocular hazard depends upon the intensity of the light (retinal 

irradiance) (W/cm2) and viewing angle (subtended angle). Retinal irradiance (W/cm2) is the solar flux 

entering the eye and reaching the retina which is a function of irradiance at the cornea (front of eye).  The 

subtended angle is the size of glare source divided by distance from the observer (9.3 mrad (milliradian) for 

sun).  In case of PV, the subtended angle is the ratio of the distance between the observer and the PV array 

and glare size (size of glare from PV or frame). As the car (driver) moves with respect to the PV array, glare 

starts from a certain point and increases to its peak. With the change in position of the moving car the glare 

will decrease and disappear after some time (glare: zero to highest and highest to zero). Solar receivers 

produce more diffuse reflections with lower solar intensities but greater subtended angles. Therefore, the 

potential impact of different retinal irradiances is defined as a function of subtended angle and is dependent 

upon the distances. The glare impact commonly expressed as ocular hazard has three levels: 1) normal 

brightness, 2) potential of flash blindness, and 3) potential for permanent eye damage. The minimal retinal 

irradiance value that can cause flash blindness is 0.01 ï 0.1 W/cm2. The visual recovery times would be 

between 4-12 seconds depending on the solar irradiance (ranging from 7-11 W/m2) at the eye (Clifford, 

2010). Detail information on flash blindness potential is presented in Appendix E. 

To estimate the amount of glare severity and occurrence time, a three dimensional geometrical model of the 

conceptual array system and site characteristics was created as shown in Figure 14. 

 

 
































































































